Many studies have shown that combining epidural and general anaesthesia can improve the outcome of surgical patients, especially in high-risk groups 1-5 . Possible benefits include reduced cardiac morbidity 1 , decreased postoperative pulmonary complications 4-6 and earlier recovery of gastrointestinal function 7 .
Many studies have shown that combining epidural and general anaesthesia can improve the outcome of surgical patients, especially in high-risk groups [1] [2] [3] [4] [5] . Possible benefits include reduced cardiac morbidity 1 , decreased postoperative pulmonary complications [4] [5] [6] and earlier recovery of gastrointestinal function 7 .
Significant haemodynamic fluctuations can occur when general and epidural anaesthesia are combined for major abdominal surgery, contributing factors being hypovolaemia and an imbalance of the depth of anaesthesia and the nociceptive stimulus, especially that from surgical procedures not covered by the epidural block. As age increases, episodes of hypotension or bradycardia during epidural anaesthesia also increase 8 . Elderly patients show haemodynamic fluctuation more frequently due to decreased cardiac reserve, changes in the autonomic nervous system and the arterioles, and vasodilatation caused by general anaesthetic drugs.
An epidural block using ropivacaine 0.1% often provides acceptable visceral pain analgesia from uterine contraction during labour [9] [10] [11] and after major abdominal surgery [12] [13] , with few side-effects and little impact on the haemodynamic profile [9] [10] [11] [12] [13] . When combined with general anaesthesia, epidural anaesthesia from ropivacaine 0.375-0.5% can attenuate the stress hormone responses induced by surgery 14, 15 .
To block nociception from an abdominal wall incision for a radical gastrectomy requires a block of at least three spinal segment nerve roots and to suppress intraperitoneal pain block of approximately eight spinal segments from T 5 -L 1 . According to Bromage, the volume of ropivacaine required is proportional to the patient's height, with 1 ml of ropivacaine per segment for 150 cm of height and 0.1 ml of ropivacaine
Goal-directed administration of ropivacaine in epidural anaesthesia
Anaesthesia and Intensive Care, Vol. 41, No. 1, January 2013 per segment for each additional 5 cm of height 16 (Table  1) . Based on several studies [9] [10] [11] [12] [13] [14] [15] [16] , we theorised that among elderly patients undergoing major abdominal surgery, general anaesthesia combined with epidural anaesthesia using a goal-directed ropivacaine infusion would provide suppression of nociception and stable haemodynamics. We hypothesised ropivacaine 0.375% to block the abdominal wall incision and 0.1% to block visceral manipulation would be more efficient than alternative regimens.
MATEriALS AND METHoDS

Study population
After receiving approval from the Ethical Committee of the Second Affiliated Hospital of Jiaxing College in october 2009 (CZJE2009101) and written informed consent from participants, 75 patients (aged 66-75 years) were enrolled in this randomised, double-blinded study. All patients had American Society of Anesthesiology classifications I-II and were scheduled for radical gastric cancer surgery under combined epidural and general anaesthesia. The patients were randomised into three groups of Patients were fasted for ten hours and premedicated with oral midazolam 5 mg and penehyclidine hydrochloride 0.01 mg/kg im one hour prior to morning surgery. The left radial artery and right internal jugular vein were cannulated before general anaesthesia and 10 ml/kg lactated ringer's solution was infused. The depth of anaesthesia was monitored using bispectral index ([BIS] Aspect, Medical System, Natick, MA, USA). Both the epidural placement and the haemodynamic management during surgery were performed by an experienced anaesthetist who was blinded to group allocation. The epidural space was cannulated with the patient in the lateral position, using an 18-gauge Tuohy needle at the T 8 -T 9 interspace and a loss-of-resistance to saline technique, and a 20-gauge epidural catheter was advanced 3 cm cephalad. After a negative aspiration test, haemodynamic baseline parameters were determined with the patient supine. For Group 1, ropivacaine 0.1% with adrenaline 10 µg was injected as an epidural test dose. The sensory block level was determined 20 minutes later, testing cold and warm discrimination bilaterally in the midclavicular line. After general anaesthesia and tracheal intubation, a loading dose of 0.1% ropivacaine was infused, followed by a continuous infusion at a rate of two-thirds that of the loading dose per hour until abdominal cavity closure. Before abdominal cavity closure, a bolus of ropivacaine 0.1% in the same volume as the test dose was given. For Group 2, the test dose (with adrenaline) and loading dose (without adrenaline) were both ropivacaine 0.375%, followed by a continuous infusion of the same concentration at two-thirds of the loading dose per hour until the end of the operation. For Group 3, ropivacaine 0.375% (with adrenaline) was given as a test dose and ropivacaine 0.1% (without adrenaline) as a loading dose, after which the latter was infused at a rate of two-thirds that of the loading dose per hour until abdominal cavity closure. A bolus of ropivacaine 0.375% (without adrenaline) was given before abdominal cavity closure, in the same volume as the test dose. in all three groups, the volume of the test and loading dose were calculated according to Bromage 16 (Table 1). All patients received a postoperative infusion of ropivacaine 0.1% (perioperative epidural anaesthesia regimens; Table 2 ).
General anaesthesia was induced using a targetcontrolled infusion (Slog, TCi-iii, Beijing, China) of combined propofol and remifentanil. The effect-site concentration of propofol (Marsh model) was set at 3 µg/ml and that of remifentanil (Minto model) at 4 ng/ml. once the bispectral index value was 40-50 (target range), tracheal intubation was facilitated with rocuronium bromide 0.6 mg/kg, and further 0.1 mg/kg doses were administered periodically as required. Carbon dioxide was maintained within the end-tidal target range of 35-45 mmHg and lactated ringer's solution infused at 6 ml/kg/hour. if the SBP and/or heart rate (Hr) increased 15% above the baseline value for one minute in response to a surgical stimulus, the target concentration of remifentanil was titrated up 1 ng/ml. if the increases were sustained for two minutes or more, 5 mg of urapidil and/or esmolol were given. if the SBP and/or Hr decreased 15% below baseline for more than one minute, the target concentration of remifentanil was decreased by 1 ng/ ml. if the Hr was <50 beats/minute, intravenous atropine 0.5 mg was given. if hypotension (a SBP decrease >30% or value <90 mmHg) occurred, an additional 3 ml/kg of lactated ringer's solution was infused over ten minutes and intravenous ephedrine 5 mg administered.
Blood loss was replaced with hydroxyethyl starch 130 (Voluven, Fresenius-Kabi, Bad Homburg, Germany) until the haematocrit fell below 25, after which packed red blood cells were transfused.
Statistical analysis
Based on our preliminary experiments, the mean number of vasoactive drug administrations (primary outcome) was approximately three during surgery, and the sample size was calculated based on reducing this frequency by 50%. To have 90% power at a P=0.05 level to detect a two-tailed difference, we required at least 22 patients in each group. To account for losses, we enrolled 25 patients per group. All data were analysed with SPSS 17.0 software (SPSS inc., Chicago, iL, USA). Quantitative data were presented as mean ± standard deviation. one-way analysis of variance was used to test for significant differences between groups and, if a significant difference was noted, Bonferroni's comparison was used to determine the intergroup differences. Categorical variables were analysed using the chisquare test. P values <0.05 were considered statistically significant.
rESULTS
of 86 potential participants, six failed to meet the inclusion criteria, four declined to participate and one had a failed epidural insertion. Three patients were excluded because of intraoperative haemorrhage or conversion to a palliative operation (Figure 1 ). There were no significant differences in age, height, weight, sex, American Society of Anesthesiologists physical status, baseline central venous pressure or surgical duration among groups ( Table 3) .
The mean number of vasoactive drug administrations was 1.4 (0.9) in Group 3, which was significantly fewer than that in Groups 1 and 2 ( Table 4 ). Compared with the other groups, in Group 1 there was a significant change in HR from baseline at the time of the first skin incision (P <0.01) (Figure 2 ). At the time of the retractor placement and the last skin suture, respectively, the mean arterial pressure in Group 2 decreased by 34 and 24% below the baseline, a significantly greater reduction compared with Groups 1 and 3 (Figure 3) .
The total remifentanil dose used was significantly greater in Group 1 (P <0.01 versus Group 2; P <0.05 versus Group 3) but did not differ between Groups 2 and 3. Compared with Group 1, the need to change the remifentanil target concentration occurred significantly less often in Groups 2 and 3 ( Table 4 ). At the time of the first skin incision and the last skin suture, the remifentanil target concentrations were significantly lower in Groups 2 and 3 compared with Group 1. At the time of the abdominal cavity exploration and retractor placement, the concentrations were significantly lower in Group 2 than in Group 1 (Figure 4 ). Compared with Groups 1 and 3, Group 2 received significantly more crystalloid and, as anticipated, the intraoperative dose of ropivacaine used was significantly greater in Groups 2 and 3 ( Table 4) .
DiSCUSSioN
This study demonstrates that general anaesthesia, combined with epidural anaesthesia established with ropivacaine 0.375% to cover the abdominal wall incision and closure, and ropivacaine 0.1% during intraoperative visceral manipulation, provides relatively stable haemodynamic conditions in elderly patients undergoing radical gastrectomy for cancer. Compared with epidural anaesthesia using ropivacaine 0.1% or 0.375% throughout surgery, there was a decreased need for vasoactive drugs to maintain haemodynamic stability.
The test dose of ropivacaine 0.375% given through a thoracic epidural catheter provided adequate analgesia for the initial abdominal wall incision analgesia for this surgery. in contrast, our results indicate that ropivacaine 0.1% did not provide sufficient analgesia for abdominal wall incision and later for closure, although this ropivacaine concentration has proven sufficient for postoperative analgesia 17, 18 . To completely suppress the nociception induced by abdominal operative procedures, the sensory and sympathetic nerve block must cover at least T 5 -L 1 . This extent of sympathetic block may lead to the significant haemodynamic fluctuations that are often observed during combined epidural and general anaesthesia. in the group of patients receiving 0.375% ropivacaine throughout, there were large changes in blood pressure, particularly at the time of retractor placement and skin closure, which were less severe with ropivacaine 0.1%. This may be due to more vasodilation and less time for compensatory mechanisms. Although the remifentanil target concentration was less in Group 2 receiving ropivacaine 0.375% alone, the actual difference was small, indicating that ropivacaine 0.1% and 0.375% showed similar inhibition of visceral nociceptive stimuli during manipulation within the peritoneal cavity. Lyons et al found that equivalent pain relief during labour could be achieved with a 50% increase in volume and a 25% reduction in dose when a bolus of bupivacaine was administered at a concentration of 0.125%, rather than 0.25% 19 . other studies also show that higher volumes and lower concentrations of local anaesthetic are more effective for nerve blockade than lower volumes and higher concentrations 12, 20 . These studies confirm that visceral pain is effectively managed by lower local anaesthetic concentrations, provided that a sufficient volume is infused. To facilitate comparisons between the three groups, we used the same volume of ropivacaine for each group and noted that lower concentrations resulted in significant dose reduction without compromising efficacy. Panousis et al compared ropivacaine 0.2% and 0.5% for epidural anaesthesia combined with general anaesthesia and did not observe a significant Stages of procedure difference in the need for vasopressors or intravenous fluid 15 . In contrast to our findings, they found that ropivacaine 0.2% did not consistently provide adequate intraoperative analgesia, such that more remifentanil was used for rescue analgesia, thereby inducing hypotension. in our study, the total remifentanil dose was only significantly increased in the group receiving ropivacaine 0.1% alone, and not in the goal-directed group receiving both ropivacaine 0.375% and 0.1%. The discrepancy between these two studies may be due to the administration of different volumes and concentrations of ropivacaine. in our study, patients receiving ropivacaine 0.375% exclusively required significantly larger amounts of fluid and vasoactive drugs to manage hypotension. Many clinical studies have shown that high perioperative volumes of intravenous fluid have detrimental effects on the recovery of gastrointestinal function [21] [22] [23] [24] . Fluid overload has been identified as an independent predictor of mortality among postoperative patients in a surgical intensive care unit 25 . in our study, we attempted to reduce total intraoperative fluid administration by combining intravenous fluid with a vasopressor, because elderly patients are also at greater risk of congestive heart failure and respiratory failure.
A limitation of this study was that the epidural anaesthetic block was not determined by sensory or motor examination, so the possibility of inadequate epidural anaesthesia cannot be excluded. Another limitation was that postsurgical investigations to identify the effects of goal-directed ropivacaine concentration regimens on postoperative recovery were not conducted.
Based on these data, we conclude that epidural anaesthesia using a goal-directed ropivacaine regimen including both 0.375% and 0.1% concentrations can provide good haemodynamic stability when combined with general anaesthesia in this population. This regimen appeared to have advantages over the alternatives studied.
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